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Abstract
In order to determine the physico-chemical changes during growth and development of three plum varieties, 
three species were analyzed (Stanley, Vânăt de Italia and Tuleu Gras) by harvesting the fruits at six different phases 
of development from the interior and the periphery of the crown. The changes that occurred for the studied samples 
were the following:  the mass increased from 2.29 g to 37.16 g (Stanley 3.90 g / fruit →30.96 g / fruit, Vânăt de Italia 
variety 4.42 g / fruit →35.11 g / fruit, Tuleu Gras variety 2.81 g / fruit → 38.29 g / fruit), the diameter increased 
from 2.52 cm to 5.2 cm (Stanley 3.15 cm / fruit → 5.17 cm / fruit, Vânăt de Italia 3.00 cm  / fruit → 5.20 cm / fruit 
,Tuleu Gras 2.63 cm  / fruit → 4.99 cm / fruit), the moisture ranged from 73.83-90.01% (Stanley 79.97% - 88.52% , 
Vânăt de Italia 75.84% - 87.80%, Tuleu Gras 79.85% - 90.02%), the acidity decreased from 0.48% - 0.07% (Stanley 
1.27%→ 0.78%, Vânăt de Italia 1.28%→ 0.80%, Tuleu Gras 1.28%→0.75%), pH increased from 2.52 to 5.2 (Stanley 
3.14 → 3.74, Vânăt de Italia 2.72 → 3.78, Tuleu Gras 2.97 → 3.94) and the total soluble solide (TSS) ranged from 
6.4-23.95˚Brix (Stanley 6.4˚ → 21.3˚ Brix, Vânăt de Italia 7.05˚ → 23.35˚ Brix, Tuleu Gras 8.55˚ → 23.95˚Brix). The 
obtained results are helpful for the industry and consumers to choose the suitable plum fruits. 
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INTRODUCTION
Known since ancient times for their properties, 
the plums have known an increasing interest due 
to numerous health benefits to the human body.
In Romanian pomiculture, the plum tree is 
the dominant species, being valued due to the 
complex chemical composition of its fruits (Mitre, 
2001). According to FAO (2014) in 2012 (the last 
year reported by FAO, 2014) 67,478 ha of plums 
and blackthorns were cultivated in Romania, with 
a production of 424,068 tons.
The quality parameters of plums are usually 
determined by a combination of external 
characteristics (size, color, visible physiological 
defects) and internal properties (firmness, sugar 
and acid content in pulp), which are well studied 
so that they meet consumer preferences (Crisosto 
et al., 2004).
The fruits’ sweetness is one of the most 
important quality indicators of the fruit. Plum 
consumption may increase if the fruit is ripe, tasty, 
having a rich taste and consumer acceptance is 
given by the total soluble solids and fruits moisture 
(Crisosto et al., 2004)
During the process of growth and maturation 
of fruits, various changes occur including physical 
and biochemical changes (Muste, 2008). Thus, the 
present study aims to investigate the influence of 
plum fruit ripening by studying variations in mass, 
diameter, moisture, acidity, pH and soluble solids 
content in three varieties of plum, over six harvest 
stages of growth and development.
MATERIALS AND METHODS 
Materials.The studied plum varieties are 
Stanley, Vânăt de Italia and Tuleu Gras which 
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have been  identically harvested in 2013, during 
the growth and development, from a farm in 
Cluj Napoca, from the same trees. Six different 
periods of time were used, at a distance of 21 days 
between each harvest, starting date 27.05.2013 
until 09.09.2013 (Phase 1 (F1) - 26.05.2013, 
Phase 2 (F2) – 17.06.2013, Phase 3 (F3) – 
08.07.013, Phase 4 (F4) - 29.07.2013 Phase 5 
(F5) – 19.08.2013, Phase 6 (F6) – 09.09.2013). 
Samples were harvested from different position of 
the tree crown, inside but also from the periphery 
of the crown; after being collected, the samples 
were vacuum packed and stored at -18°C until the 
time of analysis.
Determination of mass and diameter. The 
mass was determined by weighing samples using 
a Shimadzu analytical balance. The diameter of the 
samples was measured with calipers.
Determination of moisture. Moisture 
content was determined according to AOAC 
Official Method. This determination was carried 
out by oven drying at 103°C ± 2°C for 3 hours; the 
operation was repeated until it reached a constant 
mass. The samples were cooled in a desiccator 
for one hour, and then they were weighed (AOAC, 
1999).
Determination of titratable acidity. The 
principle of this method is the standard volumetric 
titration with a solution of 0.1N NaOH in the 
presence of phenolphthalein as an indicator. The 
plum samples were ground and homogenized 
with a mortar and a pestle. Extractions were 
made according to international standard (ISO 
750: 1998), with some modifications. A sample 
of 5 g of fruit was stirred with 25 ml of distilled 
water to obtain a puree and then quantitatively 
transferred in order to reach a volume in a 50 ml 
volumetric flask. The sample was centrifuged for 
5 minutes, and then filtered. A volume of 25 ml of 
the filtrate was titrated with 0.1N NaOH solution 
in the presence of an indicator (phenolphthalein) 
until it became light pink.
pH level. The principle used for determining 
pH was proposed by Rosnah et al. (2012), with 
minor modifications. We used a Hanna Instruments 
pH meter that was previously calibrated with pH 
4.0 and pH 7.0 buffer solutions. The pH meter 
electrode was fully immersed into sample for 
accuracy of the results. All determinations were 
performed 3 times, at a temperature of 4°C.
Determination of soluble solids content. 
The plum fruits which were analyzed were ground 
and homogenized using a mortar and pestle and 
then filtered. The resulting juice was analysed by 
means of a Carl Zeiss refractometer. 
The refractive index is correlated to the 
amount of soluble solids (the concentration of 
sucrose) using a conversion table or  direct reading 
on the scale refractometer (ISO 2173: 2003). After 
each time the refractometer prism was washed 
with distilled water and then dried.
RESULTS AND DISCUSSIONS
Both the mass and the fruit diameter had an 
upward trend during growth and development, 
a normal genetically progression represented in 
Figure 1 and Figure 2.
As Burzo et al. (1999) noted, growth was 
slower during pericarp lignification, which takes 
place at the expense of mesocarp growth during 
the last stage of fruit maturation.
In case of Stanley variety the mass ranged 
from 3.90 g / fruit (in the first stage of harvesting) 
and 30.96 g / fruit (for the last harvest stage), 
while the diameter ranged from 3.15 cm / fruit 
and 5.17 cm / fruit. Vânăt de Italia variety showed 
mass values  between 4.42 g / fruit and 35.11 g / 
fruit and variations between 3.00 cm  / fruit and 
5.20 cm / fruit  in case of the diameter, while Tuleu 
Gras variety showed mass values between 2.81 g 
/ fruit and 38.29 g / fruit and variations between 
2.63 cm  / fruit and 4.99 cm / fruit  in case of the 
diameter.
The moisture of studied samples varied 
between 79.97% and 88.52% for Stanley variety, 
between 75.84% and 87.80% for Vânăt de Italia, 
while Tuleu Gras recorded values  between 79.85% 
and 90.02% . Similar results were recorded in the 
last phase by Stacewicz-Sapuntzakis et al. (2001) 
for Prunus domestica with moisture of 78% and 
by Mercedes et al. (2008) for Prunus salicina with 
moisture between 80.65% and 89.40% depending 
on the variety.
The registered acidity values for the studied 
samples experienced a downward during growth 
and plum fruit development.  Stanley variety 
recorded values  between 0.78% and 1.27%, 
between 0.80% and 1.28% in the case of Vânăt de 
Italia, while Tuleu Gras registered values between 
0.75% and 1.28%. Similar values  were reported by 
Kristl et al. (2010) for different varieties of Prunus 
VLAIC et al.
133




















(2) Periphery of the crown
(a) Stanley


























(b) Vanat de Italia
(c) Tuleu Gras
(1) Inside of the crown

















(2) Periphery of the crown
(a) Stanley























(b) Vanat de Italia
(c) Tuleu Gras
(1) Inside of the crown
(2) Periphery of the crown
Position in crown
B
Physico-Chemical Changes during Growth and Development of Three Plum Varieties
domestica, the results showing variations between 
0.89% and 1.64%. The lower acidity values which 
have been recorded in the last stage of harvesting 
leads to a better acceptance for consumption 
(Mureşan et al., 2014).
In terms of total soluble solids content (TSS), 
which increased linearly throughout the growth 
and fruit development from 6.4˚ to 21.3˚ Brix 
in Stanley’s case, from 7.05˚ to 23.35˚ Brix for 
Vânăt de Italia and from the 8.55˚ to 23.95˚ Brix 
for Tuleu Gras. Similar results were found in the 
experiment done by Ciobanu et al. (2011) when 
studing Stanley and Tuleu Gras varieties.
TSS content in plums is very important for 
consumer acceptance because TSS is significantly 
correlated with the aroma perception, flavor and 
sweetness intensity (Crisosto et al., 2004). In the 
last week of ripening the TSS content increases 
significantly by 5.8% in the case of Valor variety, 
7.5% for Tophit, 17.3% in Hanita and 25.6% in 
Stanley (Kristl et al., 2010); Guerra et al. (2008) 
observed higher TSS values along with cold 
storage in the case of Green Gage variety.
PH values  of the plum fruit juice increased 
during the present study from 3.14 to 3.74 for 
Stanley variety, from 2.72 to 3.78 for Vânăt de Italia 
and from 2.97 to 3.94 for the Tuleu Gras variety. 
Druze et al. (2007) noted for Elena variety a 
pH 3.8, and for the Bistrica a pH of 3.69. Mercedes 
et al. (2008) noted values  between 3.14 and 3.42 
for different varieties of Prunus salicina.
Fig. 1. Changes in mass of three varieties of plum: 
Stanley, Vânăt de Italia, Tuleu Gras during six harving 
phases (F1 – 25.05.2013, F2 – 17.06.2013, F3 – 
08.07.2013, F4 – 29.07.2013, F5 – 19.08.2013, F6 – 
09.09.2013) and two positions in the crown (inside of 
the tree crown and periphery of the crown); Different 
representations: (A) - crown position representation; 
(B) - variety representation. 
Fig. 2. Change in diameter in three varieties of 
plum: Stanley, Vânăt de Italia, Tuleu Gras during 
six harvesting phases (Phase 1 – 25.05.2013, 
Phase 2 – 17.06.2013, Phase 3 – 08.07.2013, Phase 
4 – 29.07.2013, Phase 5 – 19.08.2013, Phase 6 – 
09.09.2013) and two positions in the crown (inside 
of the three crown an periphery of the crown); 
Different representations: (A) - crown position 
representation; (B) - variety representation.
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I3 85.46AbB± 0.14 1.27AaA± 0.009 6.40FbC ± 0.14 3.14EaA± 0.01
P4 88.52AaA± 0.39 1.24AaA± 0.009 7.85DaB ± 0.07 3.13EaA± 0.01
F2
I 84.31ABaB± 0.48 1.20BaB± 0.005 7.75EbA ±0.21 3.18EaA± 0.01
P 83.50BaB± 0.84 1.18BaB± 0.009 8.45DaAB ± 0.07 3.19DEaA± 0.02
F3
I 83.62BaB± 0.57 1.13CaA± 0.005 9.50DbB ± 0.14 3.24DaA± 0.01
P 81.50BCaB± 0.61 1.05CbC± 0.009 11.90CaB ± 0.14 3.17CDbB± 0.01
F4
I 85.67AaA± 0.17 1.14CaA± 0.009 11.05CbC ± 0.07 3.36CaB± 0.02
P 83.04BbA± 0.55 1.04CbA± 0.009 12.50CbB ± 0.14 3.23CbB± 0.01
F5
I 84.42ABaA± 0.08 0.96DaA± 0.009 16.50BbB ± 0.00 3.60BaA± 0.01
P 82.05BCbA± 0.42 0.92DbA± 0.005 17.30BaC ± 0.28 3.59BaA± 0.01
F6
I 81.53CaA± 0.79 0.79EaB± 0.005 17.75AbC ± 0.21 3.76AaB± 0.01











I 87.80AaA± 0.62 1.28AaA± 0.009 7.05EbB ± 0.07 2.72FaC± 0.01
P 84.80AaB± 0.83 1.27AaA± 0.009 8.20FaAB ± 0.14 2.96DbB± 0.01
F2
I 82.07BaC± 0.28 1.19BaB± 0.009 6.60FbB ± 0.14 2.98EbC± 0.01
P 82.17ABaB±0.50 1.16BaB± 0.009 8.90EaA ± 0.14 3.20CaA± 0.01
F3
I 78.46CaC± 1.57 1.15CaA± 0.009 11.15DbA ± 0.07 3.24DaA± 0.03
P 81.85BaB± 0.99 1.16BaA± 0.009 13.05DaA ± 0.07 3.25CaA± 0.01
F4
I 78.32CaB± 0.15 1.06DaB± 0.012 12.05CbB ± 0.07 3.44CaA± 0.01
P 75.84DbB± 0.15 1.01CaC± 0.009 15.30CaB ± 0.14 3.46BaA± 0.02
F5
I 78.44CaB± 0.60 0.98EaA± 0.009 19.18BbA ± 0.14 3.56BaA± 0.01
P 79.10CaA± 0.63 0.92DbA± 0.005 22.55BbA ± 0.07 3.53BaA± 0.03
F6
I 79.04BCaA± 0.59 0.86FaA± 0.005 19.60AbB ± 0.11 3.78AaB± 0.01










I 82.56BaC± 0.49 1.28AaA± 0.005 8.95EaA ± 0.07 2.97FaB± 0.02
P 83.03BaB± 0.28 1.27AaA± 0.009 8.55EbA ± 0.07 2.98EaB± 0.01
F2
I 90.02AaA± 0.72 1.27AaA± 0.009 7.55FaA ± 0.07 3.06EaB± 0.01
P 89.05AaA± 0.92 1.25AaA± 0.009 8.00EaB ± 0.14 3.08DaB± 0.01
F3
I 88.85AaA± 0.89 1.13BaA± 0.009 10.80DaA ± 0.14 3.19DaA± 0.02
P 86.88AaA± 0.35 1.11BaB± 0.004 11.25DaB ± 0.21 3.10DaC± 0.02
F4
I 84.42BaA± 0.64 1.01CaC± 0.005 15.55CbA ± 0.07 3.49CaA± 0.01
P 80.84BCbA± 0.93 0.98CaB± 0.009 17.80CaA ± 0.28 3.25CbB± 0.02
F5
I 82.55BaA± 0.55 0.92DaB± 0.004 19.05BbA ± 0.07 3.60BaA± 0.01
P 80.89BCaA± 1.66 0.91DaB± 0.005 20.75BaB ± 0.21 3.55BaA± 0.01
F6
I 79.85CaA± 0.65 0.75DaAB± 0.004 21.70AbA ± 0.42 3.94AaA± 0.01
P 78.10CaAB± 0.45 0.80EbA± 0.004 23.95AaA ± 0.21 3.83AbA± 0.01
Tab. 1. Physico-chemical changes during the period of growth and development in three plum varieties 
according to harvesting phases and position in the crown (means ± standard deviations)
1 Identical uppercase for each variety and each crown position indicate no statistically significant differences (p> 0.05); Identical small letters 
for each variety and each harvest phase indicate no statistically significant differences (p> 0.05); Identical italic capital letters indicate for each 
crown position and each harvest phase indicate no statistically significant differences (p> 0.05); 2 Analysis performed on each sample of juice 
from the plum. 3 Inside of the three crown; 4 periphery of the crown.
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CONCLUSIONS 
During the growth and development of three 
plum varieties studied, mass and diameter values 
have recorded increasing values, acidity decreased. 
The moisture recorded different values depending 
on physiological and climatic conditions. The pH 
recorded ascending values, inversely proportional 
to acidity, while the total soluble solids content had 
increasing values. The results are thus helpful for 
the industry and consumers to choose the suitable 
plum fruits. 
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